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ABSTRACT 
Twenty-seven pairs of children matched on age, gender and ethnicity, ages 5-to-9 
years were recruited from a sample of 115 children.  One child in each pair was 
overweight (at or above the 85th percentile for BMI) and one was normal weight 
(between 20th and 70th percentile for BMI) at the beginning of the study.  Anthropometric 
measurements (waist, hip, upper arm and calf circumference; femur and humerus 
breadth; triceps, calf, suprailiac, etc. skinfolds; stature and mass), percent fat (Bod Pod); 
physical fitness (Fitnessgram and submaximal cycle ergometer) and physical activity 
(self-report) were measured at baseline and nine months later at the end point of the study 
to track growth, fitness and physical activity across time.  Fifty-three of the participants 
completed the study.  Six (20%) of the overweight participants were no longer 
overweight at the end of the study (e.g., above 85th percentile for BMI); no normal weight 
participants reached the 85th percentile during the study time. All of the overweight 
participants with significant changes in BMI percentile were at or below the 90th 
percentile.   
Group comparisons (overweight and normal weight) based on BMI produced 
large differences in mass, lean body mass, waist circumference, femur & humerus 
breadth, percent fatness, and subcutaneous fat.  On variables that are important measures 
of growth both groups increased significantly in stature, mass, lean body mass, humerus 
breadth, and subcutaneous fat.  Thus, the growth measures not associated with fatness 
followed the same pattern in overweight and normal weight groups.  For measures of 
fatness, both groups regressed toward the mean over time.  Somatotype revealed that 
overweight participants were more mesomorphic (increased muscle and bone) as well as 
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endomorph (increased fat) when compared to normal weight participants.  Mesomorphy 
increased over time and endomorphy decreased, and the trend was for all participants to 
shift toward a balanced somatotype. 
     Using percent body fat (estimated from Bod Pod) to group participants into normal 
(below 20 and 30% for males and females respectively) and overweight (at or above 20 
and 30% body fat) produced different classifications than those created using BMI in 
35% of the participants and agreement with BMI in 65% of the sample.  Percent body fat 
changed in 13.5 % of the participants from baseline to endpoint, with 5 no longer too fat 
and 2 becoming too fat.  Fewer participants were classified as overweight using percent 
fat than BMI.   
 Considering the participants where BMI and percent fat agreed (n=34), 
differences between the normal weight and obese groups were identified for Pacer laps 
(moderate effect size) and push-ups (large effect size) with small or no differences for 
curl-ups, self-reported physical activity, kjoules (work), and heart rate.  The obese 
participants were equally fit based on total work output, exercise heart rate, and curl-ups 
at baseline and endpoint.  The overweight group did not complete as many push-ups, had 
an 80-83% of participants in the healthy zone for Pacer while the number of laps was 
fewer on average, reported similar amounts of organized physical activity and generally 
lost the ground over time when compared with the normal weight group. These findings 
were generally consistent when comparing the entire sample (n=53).  
Based on BMI groups overweight and normal weight children demonstrated the similar 
growth patterns across time (7 months) with the exception of mass.  Body fat groupings 
suggested that BMI may misclassify some participants who have greater lean body mass 
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and are mesomorphic.  Running tests result in more difference between overweight and 
normal weight participants than cycle ergometer exercise tests.  Overweight and normal 
weight children are more alike than different for growth and physical activity parameters.  
 
 
 
 
 
 
 
 
 
 
 
 
 
   
  1 
INTRODUCTION 
The prevalence of obesity in children, ages 6-11 years, has risen from 6.5% to 
17% in two decades (USDHHS, 2001).  Particularly troubling is the finding that children 
who are overweight tend to remain overweight (Thompson, Obarzanek, Franko, Barton, 
Morrison, Biro, et al., 2007).  The amount of physical activity, from sedentary to 
physically active, influences weight and fat because energy expenditure is half of the 
energy balance equation (Dietz, 2004). Further, physical inactivity is an independent 
health risk (United States Department of Health and Human Services, 2001). Physical 
fitness has been identified as a positive outcome of a physically active lifestyle.  
Unfortunately, children and adolescents are increasingly sedentary (Thomas, Lee, & 
Thomas, 2003).  Childhood obesity has been associated with increased risk for disease 
(Wang & Dietz, 2002). Growth is a complicating factor in childhood obesity, because 
children typically undergo alternating periods of steady and rapid growth (Malina, 1984).  
Thus, understanding both physical activity and growth in overweight children is an 
important problem to address.   
Normal growth in children includes the acquisition of lean body mass (muscle, 
bone and organ growth) and absolute fat. Physical activity has a positive influence on 
several growth parameters, including stature, lean body mass, bone density, skeletal 
breadths and relative fatness (Malina, 1984).  Bones typically grow in length, then 
breadth and density, then length and so forth, producing a cyclical profile of increasing 
and decreasing linearity.  Girls and boys follow similar growth patterns prior to puberty.  
Although both genders gain lean body mass, boys tend to have more fat-free mass than 
girls.  On average, girls exceed boys in both relative and absolute fat during childhood 
1 
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growth.  The differences between girls and boys are not great until adolescence and the 
onset of sexual maturation (Malina, 1984). 
Accelerated growth and development due to increased fatness during childhood 
has caused overweight/obese children to exhibit advanced bone age and led to early 
sexual maturation (Frisch & Revelle, 1971).  The relationship between fatness and early 
maturation is still controversial because the direction of causation has not been 
determined.  Evidence from the Newton Girls Study suggested that weight status prior to 
menarche was influential on the start of sexual maturation.  Not only is the theory of 
advanced bone age a possible explanatory factory but the possibility of increased leptin 
levels affecting the development of the reproductive system may also be related to 
obesity and early maturation (Must, Naumova, Phillips, Blum, Dawson-Hughes, & Rand, 
2005).  What remains unknown is the influence of physical activity and fitness in 
overweight, growing children. 
Body mass index (BMI) has been used for screening and population monitoring of 
obesity. However, BMI does not separate fat from lean and may overestimate obesity in 
individuals with significant lean body mass (Sardinha, Going, Teixeira & Lohman, 
1999).  BMI increases during infancy, childhood and adolescence so BMI percentile for 
age and gender has been used to determine whether or not an individual child was 
overweight, underweight or healthy weight (CDC, 2008).  BMI has been useful in public 
health, particularly with adults, and more practical than using a two component (lean and 
fat) measurement to assess obesity.  Body fat above 20 and 30% for males and females, 
respectively, has been used to determine healthy versus too fat (e.g., obese), with fat 
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assessed through skinfolds in adults, hydrostatic weighing and other methods (Morrow, 
Jackson, Disch, & Mood, 2005).   
Energy balance is the key factor in body composition (Dietz, 2004).  When the 
calories consumed match the calories expended body weight and fat are stable.  To 
reduce fat and weight, one must expend more calories than consumed, generally by a 
combination of increasing physical activity and decreasing caloric intake.  Clearly, most 
obesity is a result of energy imbalance where more activity could reduce excess fat 
(Dietz, 2004).  However, growth during childhood and adolescence also demands energy 
and has the potential for a positive influence on body composition, specifically body 
mass index and relative fat.  
Physical activity and physical fitness are different by definition but related, and 
both are important factors influencing growth and development of children.  Physical 
fitness is an outcome of a physically active lifestyle.  Physical fitness is a specific set of 
performance markers related to important aspects of health including cardio-respiratory 
endurance (aerobic capacity), flexibility, body composition, muscular endurance, and 
muscular strength.  Fitness is evaluated with field and laboratory tests.  FITNESSGRAM, 
the Presidential Physical Fitness Test, and the AAHPERD Youth Fitness Test have been 
developed to assess the fitness of children (Morrow, Jackson, Disch, & Mood, 2002). 
Some fitness batteries include a body composition component.  Too much fat or weight 
produces a poor score on that component.  This suggests that an individual who is too fat 
can not be physically fit.  Sub-maximal exercise testing is conducted in the lab setting 
with the use of cycle ergometry or a treadmill to evaluate aerobic capacity.  
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 Physical activity is associated with loss of adipose tissue (Welk & Blair, 2000).  
Research has shown that children that participate in regular physical activity are more 
likely to be fit and have less body fat (Ara, Vicente-Rodriguez, Jimenez-Ramirez, 
Dorado, Serrano-Sanchez, & Calbet, 2004).  Adiposity, fitness, and obesity have been 
deemed important when evaluating health risks in adults and children (Lee, Blair, & 
Jackson, 1999; Sallis, McKenzie, & Alcaraz, 1993; Christou, Gentile, DeSouza, Seals, & 
Gates, 2005).      
Statement of the Problem and Hypotheses 
It is unknown whether overweight and/or obese children follow the same growth 
pattern as a normal weight child in the acquisition of stature, lean body mass, absolute 
fat, and relative fat.  Further, there are no longitudinal data on the fitness or physical 
activity of overweight and obese children.  Both physical activity/fitness and obesity are 
important factors to understand because of the relationship among these and the impact of 
these on health.  Unfortunately, the population datum on children suggests that, once 
overweight or overly fat, children tend to remain overweight or overly fat (Wang, Ge, & 
Popkin, 2003).  Physical activity during childhood is associated with increased lean body 
mass.  What is unknown is whether or how much of overweight or obesity can be 
“outgrown”, how physical activity moderates the growth of lean body mass in overweight 
children, and whether overweight children follow the same growth pattern as normal 
weight children.  The purpose of this study is to address those three questions.   
The working hypothesis was that overweight children follow the same growth pattern as 
normal weight children.  Further, overweight/obese children that were physically active 
would acquire lean body mass and relative fat would decrease. Non-active overweight 
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and obese children would increase fat, both absolute and relative, along with modest 
gains in lean body mass.  Finally, active/fit children were more likely to outgrow 
overweight than inactive/unfit children.    A third hypothesis was developed further into 
the study when discrepancies between BMI and percent body fat percentage became 
evident.   Body mass index (BMI) and percent body fat will not have complete agreement 
when group placements are compared between separate measures.  BMI will categorize 
more children as overweight as it does not utilize body composition.   
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METHOD 
Participants  
A sample of children ranging from five-to-nine years of age from central Iowa 
was recruited to form gender- and age-matched pairs, in which one was overweight based 
on BMI and the other was normal-weight. Participants were recruited with flyers and 
word-of-mouth.  Contact with most of the children originated from an elementary school, 
a home-school physical education program, or an after-school program at Iowa State 
University.  Potential participants were screened for BMI during phone interviews. For 
those meeting the criteria, an initial meeting was scheduled to measure stature and mass 
in the laboratory.  The CDC BMI calculator was used to determine BMI percentile from 
the direct measurement of stature and mass. Ideally, children placed into the healthy-
weight categorization would be close to the 50th percentile, with a goal of all normal-
weight participants being between the 40th and 60th percentile.   Due to difficulty with 
recruitment, the percentile range was extended from the 20th to 60th percentile.  
Overweight was defined as being between the 85th and the 99th percentile at baseline.   
 BMI Z-scores from the CDC study population were used to calculate power for 
the study.  Growth based on BMI change was approximated for a six-month period for 
both male and female children. Effect sizes of 0.8 were calculated for both genders at 
several ages with the target age range.  With power of .8 and alpha at 0.05, 25 
participants per group were deemed necessary.   An equal number of boys and girls was a 
goal; twenty-two females (11 pairs) and thirty-two males (16 pairs) entered the study.  
The two groups were similar for stature (es=-0.19) and different for mass (es=-1.76) at 
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the beginning of the study. Measurements were taken at two times during the study.  
Baseline measurements were taken immediately after recruitment and end line 
measurements were taken 5-7 months following baseline. 
Parental consent and child assent was obtained prior to the beginning of the study.  
Age-appropriate instructions were designed and delivered to each child.  The study was 
approved by the Institutional Review Board at Iowa State University.  Participants were 
encouraged to wear clothing appropriate for physical activity and anthropometric 
measurements and a swimsuit for measurement of body fat.   
Subjects were compensated for their participation at the conclusion of both the 
baseline and the end line measurements.  Each child was provided with gift cards to 
businesses in Central Iowa.  Gift cards were provided for the local movie theater, book 
store, and bowling alley.  Each child was entitled to a free semester of an after-school 
physical activity program at Iowa State University.   
Instrumentation 
 Physique (somatotype), body mass index (BMI), body composition (body fat), 
physical activity (recall) and physical fitness (Fitnessgram and cycle ergometer) were 
assessed using methods outlined in the following sections.  
Anthropometric Measurements 
Anthropometric measurements were taken on each child.  Stature and mass were 
measured to calculate the BMI. All anthropometric measurements (e.g., stature, mass, 
circumferences, breadths, and skinfolds) were completed using the methods in The 
Anthropometric Standardization Guide (Lohman, Roche, & Martorell, 1988).  
Circumferences included waist, hip, calf and upper arm.  Waist and hip circumferences 
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were repeated three times to ensure measurement reliability.  A waist-to-hip ratio was 
calculated from these measurements.  
Body Composition Measurements  
 The measurement of BMI was done with clothing on and no shoes.  Children 
participated in the study while wearing athletic apparel.  Height, weight, birth date, and 
date of measurement were entered into a BMI calculator provided by the Centers for 
Disease Control and Prevention (CDC). Results provided each child’s BMI and BMI 
percentile.  The same information was used to determine a BMI z-score.   
Skinfold measurement was taken at five skinfold sites using Lange calipers as 
outlined by Lohman et al. (1988).  The calipers were calibrated, using the calibration 
stone prior to measuring a participant and immediately after to ensure accuracy.  
Measurements were taken at the following skinfold sites: triceps, subscapular, suprailiac, 
abdominal, and medial calf.  Measurement was repeated three times at each site to ensure 
reliability. 
Air-displacement plethysmography was conducted using the 2000A model of the 
BOD POD, which utilizes 2.0 software.  Children wore swim suits for this measurement.  
Swimsuits could not contain any metal.  If male swim trunks were too long and bulky, 
smaller athletic shorts were worn to prevent errors due to excess clothing.  Earrings, hair 
clips, jewelry, etc. were removed prior to measurement.  Each child wore a swim cap into 
the chamber as hair needed to be contained and compressed to the scalp.  Each participant 
was allowed to investigate and sit in the chamber prior to measurement so that he or she 
could become familiar with the equipment.  The BOD POD was referred to as a 
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spaceship or egg so each child understood that he or she would sit inside it for a period of 
time.    
Prior to measurement, the BOD POD was calibrated.  Age and height were 
entered into the software program.  A scale was attached to the system and mass was 
measured twice to ensure reliability.  Each child had to be measured by the BOD POD at 
least twice; many children were measured three times.  Measurement was repeated a third 
time if children were unable to remain still while sitting in the chamber.  Each 
measurement lasted about 30 seconds.  Thoracic volume was estimated by the BOD POD 
software as the children were unable to complete the actual measurement of thoracic 
volume.   
Somatotype Measurement 
Somatotype was determined using the method outlined by Heath and Carter 
(Johnson & Nelson, 1967).Bone breadth was measured using the method outlined in 
Lohman et al (1988).  Calipers were used to measure the humerus and femur breadths.  
Stature, mass, skinfolds, bone breadths, age, birth date, and circumferences were entered 
into a somatotype calculator developed by Sweat Technologies.  The program provided 
values for each of the three somatotype components; endomorphy, ectomorphy, and 
mesomorphy.  The two somatotypes with the largest values provided the child’s 
somatotype identity.  If one somatotype value prevailed over the remaining two, the child 
was only labeled with a singular identity.   
Physical Activity Measurement 
Activity levels were measured using the retrospective method of Cote (Cote, 
Baker, & Abernathy 2001).   The parent and/or guardian and child reflected on the 
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frequency of physical activity over two separate periods of time that spanned a year in 
length.  Specifically, activity was recalled from August 2006 through August 2008.  
Parents and children recalled participation in specific, structured physical activities each 
month, as well as the frequency of those activities per week.  During baseline 
measurements, families recalled activity from August 2006 until August 2007.   At end 
line measurements, families recalled activity from August 2007 until August 2008.  The 
instrument was determined to be valid and reliable (Cote, Ericsson, & Law, 2005).  
Validity was established by correlation of parent to child reports.  All correlations were 
significant at all ages from 5 – 30 years.  Participants were consistent with parents when 
reporting time in deliberate practice, deliberate play, and organized play.  Reliability was 
.99, .70, and .88 respectively.   
Physical Fitness Measurement 
The field test of physical fitness was the FITNESSGRAM test battery. Specific 
subtests were the PACER, the curl-up, and push-up. Directions were provided verbally 
on a compact disc to ensure that all participants would receive identical instructions.  The 
compact disc also provided a cadence for the sit-up and push-up subtests.  Cues and 
beeps were provided during the PACER test so that students would know when to run 
and rest.  Detailed instructions and test protocol are provided in a separate reference 
(Meredith & Welk, 2005).  The FITNESSGRAM software was used to assign zones to 
each performance.   
 The Physical Work Capacity 170 (PWC 170), a submaximal cycle ergometer test, 
was also used to assess cardiovascular fitness.  The PWC 170 uses a multi-stage cycle 
ergometry procedure to predict work capacity at a heart rate of 170 beats per minute.  
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Children were fitted with Polar heart rate monitors prior to starting the test.  Children 
were encouraged to rest prior to the test to ensure the starting pulse would be 
representative of a non-exercising heart rate.  Children were allowed to practice pedaling 
the cycle ergometer while listening to a cadence of 60 rpm with no tension on the cycle 
ergometer.  A stopwatch was used to accurately record heart rates each minute and 
increase tension appropriately every two minutes.  Participants were frequently asked 
about comfort levels and heart rate was verbally reported every minute.  When the child 
reached a heart rate of 165 bpm, the test was ended.  The child then pedaled at a lower 
tension to cool down the body and return heart rate to a pre-exercise state.   
Procedures 
Children were recruited for the overweight/obese group.  A screening BMI was 
obtained from direct measurement.    Age and gender matches in the healthy weight 
category were recruited and paired with those in the overweight/obese group.     
Prior to laboratory testing and measurement, research procedures were explained 
to each child and a parent/guardian.  The directions were simple, age-appropriate and 
ensured that each test was described in a consistent manner to all participants.  Before 
initial measurements, all parties were informed of the goals, benefits, and possible risks 
associated with participation.  Written informed consent was acquired from the parent or 
guardian.  Written informed assent was acquired from the participating child.  
Instructions about proper clothing and footwear were given and the reimbursement 
procedures explained.  Paperwork was disseminated for mileage and payment for 
participation.  Payment was received after the participant attended baseline measurement 
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appointments and once again at end line measurement. Mileage costs were reimbursed at 
the conclusion of each session.   
Stature and mass were measured in the laboratory while the children were 
wearing athletic apparel and no shoes.  Participants attended two separate appointments 
within the same week during the baseline measurement portion of the study.  One 
appointment was devoted to laboratory testing; the other to field-testing.  Each participant 
attended two separate appointments five to seven months after the start of the study, to 
repeat the final laboratory and field measurements.  The measurement order, laboratory 
versus field, was counter-balanced across pairs of participants. Laboratory testing 
included the PWC-170 cycle ergometer test, skin fold measurements, bone breadths, and 
body circumferences.  Field testing included fitness testing and physical activity recall.  
Height and weight were measured at the first measurement appointment, which could 
have taken place in the laboratory or field setting.  Participants were prepared to use the 
BOD POD at both appointments in the event datum could not be retrieved successfully at 
the first appointment.   
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DESIGN AND ANALYSIS 
The study was a longitudinal descriptive study with matched pairs of participants 
based on body mass index (BMI) in a 2 by 2 design (group by time) with repeated 
measures on the second factor.  Participants were re-organized into groups based on 
percent body fat at baseline, regardless of the recruitment BMI category.  
To test the first hypothesis, that overweight children follow the same growth 
pattern as normal weight children, a 2 by 2 (time by group) Manova was computed with 
seven dependent variables (stature, mass, lean body mass, waist circumference, femur 
and humerus breadths, and subcutaneous fat).  Alpha was set at 0.05, effect sizes were 
calculated for significant main effects and interactions.  
To test the second hypothesis, that obese children that were physically active 
would acquire lean body mass and relative fat would decrease while non-active 
overweight and obese children would increase fat, both absolute and relative, along with 
modest gains in lean body mass, five independent t-tests were computed.  Groups were 
formed based on obese participants who lost body fat or gained body fat during the study.  
The dependent variables were kjoules, push-ups, physical activity, Pacer and heart rate.   
To test the third hypothesis, body mass index (BMI) and percent body fat will not 
have complete agreement when group placements are compared between separate 
measures, consistency of classification was calculated and agreement reported.   
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RESULTS 
 While participants were recruited and initially categorized based on BMI status, 
the groups formed for analyses were based on percent body fat.  Body fat at and below 20 
and 30 percent for males and females respectively were considered normal-weight, while 
percentages above these were considered obese.  Eighty-seven percent (45 of 53) of 
participants had the same weight status from baseline to end point. Descriptive data for 
the two weight groups by gender at baseline and endpoint are presented in Table 1.  The 
remaining eight participants were not used in these analyses because their weight status 
changed. One male and one female increased body fat percentage during the seven 
months of the study and thus went from the normal-weight group to the obese group.  
Five males and one female decreased in percentage of body fat, thus changing their status 
from the obese group to the normal-weight group.      
Hypothesis One.   
To address the question, do obese children follow the same growth pattern as 
children of normal weight, a repeated-measures MANOVA with group (weight category) 
and time (growth) as independent variables and stature, mass, lean body mass (LBM), 
waist circumference, sum of skinfolds, and femur and humerus breadth as dependent 
variables was completed.  The dependent variables used in this analysis were deemed 
normally distributed after examining the skewness, kurtosis and Q-Q plots within each 
group (e.g., normal-weight and overweight.  The multivariate tests produced three 
significant results for group [F(7,37)=11.89, p=.0001], time [F(7,37)=56.25, p=.0001] 
and the group by time interaction [F(7,37)=4.63, p=.001].  The interaction of growth 
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(baseline and endpoint) and group (overweight and normal weight) was the effect of 
primary interest to answer the question.   
After a Bonferroni correction (.05/7), alpha was set at .007 for the follow-up tests.  The 
univariate ANOVAs produced one significant interaction for mass [F(1,43)=28.77, 
p=.0001] (see Figure 1). The remaining interactions were not significant. The normal-
weight group gained 6% mass over the seven months, while the overweight group gained 
over 10% during the same time. During this time, the percent of fat for the overweight 
group was stable (effect size=0.06) and the normal-weight group registered a moderate 
loss (effect size=-0.54).   
Significant within-subjects effects were found for increases in stature 
[F(1,43)=48.2, p=.0001], mass [F(1,43)=135.2, p=.0001], lean body mass 
[F(1,43)=51.79, p=.0001], femur breadth [F(1,43)=139.0, p=.0001] and humerus breadth 
[F(1,43)=125.9, p=.0001]. These results were consistent with growth expectations for 
children in this age range (Table 2).  Waist circumference and subcutaneous fat (sum of 
skinfolds) did not change significantly during this time period.  Based on the confidence 
intervals, waist circumference was both not significant and was declared the same 
because the baseline and end point confidence interval completely overlapped.  
Subcutaneous fat (sum of skinfolds) and percent fat were not different nor did these meet 
the criteria to be declared the same.  
The between-subjects tests produced six significant effects indicating differences 
between the two groups; mass [F(1,43)=26.34, p=.0001], waist circumference 
[F(1,43)=38.17, p=.0001], subcutaneous fat [F(1,43)=68.03, p=.0001], lean body mass 
[F(1,43)=9.45, p=.004], femur breadth [F(1,43)=16.75, p=.0001], and humerus breadth 
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[F(1,43)=14.01, p=.0001] were significant (Table 2), and stature [F(1,43)=6.9, p=.012] 
was not significant. The obese group was larger on both lean (lean body mass, femur and 
humerus breadth) and fat (mass, subcutaneous fat and waist circumference) measures.  
The average effect size for three lean measures was 1.5 as compared to 4.8 for the three 
fat measures.   
The five male participants who changed weight status had body fat percentages 
between 21-and-24% at baseline and displayed an average loss of 5% body fat at the end 
point.  At baseline, the mean stature and lean body mass were no different (effect size of 
zero) from the normal males.  Humerus breadth and mass were moderately greater at 
baseline from the normal boys (effect sizes of 0.5 and 0.6).  A small difference was noted 
(es.=0.2) for femur breadth.  Those five males had less mass (es=0.61), and moderately 
less stature, humerus and femur breadths and lean body mass (mean es=0.36) when 
compared to the overweight males at baseline.  The waist circumference (m=59.69, 
S.D=7.1) was closer to the normal males (m=56.8, s=3.5) than the obese males (m=68.4, 
s=12.9).   
Hypothesis Two  
 In order to test the second hypothesis, physical activity was assessed to determine 
if overweight children that were physically active acquired lean body mass and relative 
fat decreased.  Non-active overweight children would increase fat, both absolute and 
relative, along with modest gains in lean body mass.  Self-reported recall of physical 
activity was more susceptible to error than direct measures of physical activity.  An 
outcome of being physically active is physical fitness, so fitness and activity are generally 
related.  Therefore, it was important to assess both the reliability of the self-reported data 
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and to determine whether physical activity recall was consistent with physical fitness. 
Further, field measures of physical fitness and laboratory measures should be related.  In 
the case of overweight participants, a cycle ergometer test was more likely to reduce 
performance differences when compared to a running test.  Thus, three methods of 
defining physical activity were used; self-reported physical activity recall, a field measure 
of physical fitness, and a laboratory measure of physical fitness.    
Physical activity and fitness 
Intraclass reliability (normal-weight R=0.73; overweight R=0.78) for minutes of 
physical activity was similar to the Fitnessgram data for PACER (R=0.67 & 0.80), curl-
ups (R=0.75 & 0.83) and pushups (R=0.79 & 0.90).  Data in this study for curl-ups and 
push-ups did not meet the assumption of normality.  Fitnessgram provides performance 
categories including “healthy zone” for each component.  Most participants (96% and 
93%) were in the healthy zone for curl-ups at both baseline and endpoint and most were 
in the healthy zone for at least one of the components (Table 3). Approximately one third 
of the participants were in the healthy zone for all three measures of fitness.    
Two measures from sub-maximal exercise were calculated based on the cycle 
ergometer test.  First, total work in joules was calculated (workload in watts * 60) for 
each minute of exercise and, if necessary, watts for the partial last minute of exercise then 
summed across the entire test.  This was converted to kjoules (joules/1000).  Second, the 
heart rate for participants at workload 14.71 in minute 2 of exercise was identified.  This 
timeframe and workload was selected because at baseline and endpoint this included the 
greatest number of participants.  These data were determined to be normal based on 
skewness, kurtosis and stem-and-leaf plots.  At baseline, some children did not complete 
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the cycle test because of equipment issues or because some younger children could not 
complete the test.  At the end point, all but one participant completed the test.  Therefore, 
baseline to end point comparisons had less power for this test than for other 
measurements. Thus, reliability was estimated using measures at the end point.  The 
number of laps completed for PACER and the kjoules at the end point were modestly 
correlated at r(30)=0.39, p=0.04. Similarly, kjoules and heart rate for minute 2 at 
workload 14.71 were also correlated r(31)=-0.64, p.0001. The reliability of heart rate 
minute 2 (workload 14.71) comparing the two time points was R=0.63.   
To test this hypothesis, the obese participants (n=15) were divided into two 
groups, those who gained fat (n=7) and those who lost fat (n=8) between baseline and 
endpoint.  The gain group increased by an average of 6% body fat and the lost group by 
about 4 % over time.  None of the four independent t-tests were significant for PACER 
[t(13)=1.49, p=0.16], push-ups [t(13)=2.30, p=0.04], physical activity [t(13)=-1.08, 
p=0.30], heart rate [t(13)=0.96, p=0.35] and total work output in kjoules [t(13)=-0.63, 
p=0.55].  While not significant, exercise heart rate, total work output and physical 
activity were higher in the fat gain group, while PACER and push-ups were higher in the 
fat loss group.   
Hypothesis Three 
To test the hypothesis, body mass index (BMI) and percent body fat will not have 
complete agreement when group placements are compared between separate measures,  
participants were grouped by body mass index (BMI) percentile for age and gender into 
obese (at and above the 85th percentile) and normal-weight (below the 70th percentile) at 
baseline and the end point.  These groupings were compared to the groups formed using 
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percentage of body fat.  The two methods of classification, percentage of body fat and 
BMI percentile, agreed on 66% of the participants, while classifying 42% (n=22) as 
normal fat/weight and 23% as overweight and overly fat (n=12). These participants were 
in the same group at both the baseline and end point.  The two methods of assessing 
weight status agreed on one additional participant, who began the study obese but ended 
in the normal-weight classification.  The remaining third of the participants (n=17) were 
classified differently depending upon the measure used and the time period.    
 The two measures of body composition that were independent of BMI (e.g., did 
not use mass or stature) and percentage of fat were waist circumference and sum of 
skinfolds (Table 3).  Means for the normal-weight group and a group formed from the 
participants where BMI and percentage of fat disagreed on status indicated that the 
disagree group was closer to the normal-weight group than to the obese group.  The 
subcutaneous fat (sum of skinfolds) for the obese group did not overlap with either of the 
other groups at either point in time.  For waist circumference, the obese group did not 
overlap with either group at the end point.    
  
 
  
  
 
 
 
20 
 
TABLES AND FIGURES 
Figure 1.  Group (overly fat and normal fat) by time (baseline and endpoint) interaction 
for mass (kg).   
 
 
 
 
 
 
   
  1 
Table 1.  Descriptive data for stature, mass, percent fat, lean body mass, BMI and BMI percentile at baseline and end point with 
groups that remained normal or obese based on percent body fat by gender.   
 
 
  Baseline  End point 
  Male 
n=13 
Female 
n=17 
Overall 
n=30 
 Male 
n=13 
Female 
n=17 
Overall 
n=30    
Normal 
Fat 
 Mean S.D Mean S.D Mean S.D  Mean S.D Mean S.D Mean S.D 
 
Age 7.6 1.1 7.2 1.2 7.4 1.1        
 
Stature (cm) 130.5 11.2 125.4 8.1 127.6 9.7  136.8 12.2 129.4 8.3 132.6 10.6 
 
Mass (kg) 25.7 5.0 24.0 3.9 24.7 4.5  27.0 5.5 25.6 4.1 26.2 4.8 
 
Body Fat % 13.9 4.3 20.4 4.5 17.6 5.4  10.5 4.0 17.6 5.3 14.7 6.0 
 
Lean Body 
Mass (kg) 
22.0 4.0 18.5 2.9 20.0 3.8  23.5 4.3 20.5 3.0 21.9 3.9 
 
BMI 16.2 1.0 16.2 1.6 16.2 1.4  15.9 1.1 16.5 1.5 16.2 1.4 
 
BMI percentile 57 19 58 26 58 23  46 20 58 26 53 24 
 
Overly 
Fat 
 
 
Male 
n=12 
 
Female 
n=3 
 
Overall 
n=15 
  
Male 
n=12 
 
Female 
n=3 
 
Overall 
n=15 
 
 
Mean S.D Mean S.D Mean S.D  Mean S.D Mean S.D Mean S.D 
 Age 7.5 1.1 8.6 .53 6.6 1.1        
 Stature (cm) 134.4 10.4 144.8 10.1 136.4 10.9  138.7 10.4 148.5 11.4 140.7 11.0 
 Mass (kg) 35.8 11.9 53.3 22.1 39.3 15.3  39.3 12.7 59.0 22.8 43.3 16.4 
 Body Fat % 30.9 7.5 40.6 5.7 32.9 8.1  31.1 8.3 42.6 7.7 33.4 9.3 
 Lean Body 
Mass (kg) 
24.1 6.4 31.0 11.1 25.5 7.6  26.3 6.3 33.9 14.7 27.8 8.5 
 BMI 21.0 4.5 26.7 7.2 22.2 5.3  21.5 4.4 28.1 6.7 22.9 5.4 
 BMI percentile 90 10 97 3 92 10  90 13 98 2 91 12 
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Table 2. Descriptive data for significant within subjects effects (baseline and end points) for stature, mass, LBM, humerus breadth, 
and subcutaneous fat, and between subjects (body fat group effects; normal fat and overly fat) for mass, lean body mass (LBM), 
waist circumference, femur and humerus breadths, percent fat, and subcutaneous fat. 
 
 Between Subjects Effects 
(group) 
 Within Subjects Effects (time) 
 Normal Fat Obese  Baseline  End point   
Dependent Variable n=30 n=15  n=45  n=45   
 
Mean S.D. Mean S.D. Effect 
size 
Mean S.D. Mean S.D. Effect 
Size 
Stature       125.3 10.4 128.9 11.1 0.35 
Mass (kg) 26.2 4.7 43.3 16.4 -3.64 29.1 11.0 31.5 13.0 0.22 
lbm (kg) 21.9 3.9 27.8 8.5 -1.51 21.8 5.7 23.9 6.4 0.37 
Waist c (cm) 54.98 3.7 71.9 14.1 -4.57      
Femur (cm) 7.6 0.5 8.5 0.9 -1.80 7.7 0.7 7.9 0.8 0.29 
Humerus (cm) 5.2 0.4 5.7 0.6 -1.25 5.2 0.5 5.3 0.6 0.20 
Subcutaneous fat (mm) 39.3 12.3 115.8 49.4 -6.22      
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Table 3.  Percentage of participants within healthy zone for three Fitnessgram 
components (body fat group effects; normal fat and overly fat) and percentage of 
participants passing 0-3 fitness test components at baseline and end point.   
  
 
 
 
 
 
 
 
 
 
 
 
Baseline Normal (n=33) Obese (n=20) Overall (n=53  
Curl-ups 32 (97.0%) 19 (95.0%) 51 (96.2%)  
Push-ups 23 (69.7%) 9 (45.0%) 32 (60.4%)  
Pacer 15 (45.5%) 7 (35.0%) 22 (41.5%)  
     
Pass 0  1 (3.0%) 0 (0%) 1 (1.9%)  
Pass 1 7 (21.2%) 9 (45.0%) 16 (30.2%)  
Pass 2 12 (36.4%) 7 (35.0%) 19 (35.8%)  
Pass 3 13 (39.4%) 4 (20.0%) 17 (32.1%) Healthy on all 
    
 
End Point Normal (n=30) Fat (n=15) Overall (n=45)  
Curl-ups 29 (96.7%) 13 (86.7%) 42 (93.3%)  
Push-ups 18 (60.0%) 4 (26.7%) 22 (48.9%)  
Pacer  18 (60.0%) 3 (20.0%) 21 (46.7%)  
     
Pass 0 1 (3.3%) 1 (6.7%) 2 (4.4%)  
Pass 1 7 (23.3%) 9 (60.0%) 16 (35.6%)  
Pass 2 8 (26.7%) 4 (26.7%) 12 (26.7%)  
Pass 3 14 (46.7%) 1 (6.7%) 15 (33.3%) Healthy on all 
23 
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DISCUSSION 
 The discussion focuses on three findings; the similarity in growth between weight 
groups and the potential for out-growing overweight based on body fat percent, 
(hypothesis 1); the unexpectedly small differences in physical activity parameters 
between obese and normal-weight participants (hypothesis 2) and the areas of agreement 
and disagreement between percentage of body fat and BMI (hypothesis 3).  Of particular 
note was that only one participant dropped out of the study.   
Growth patterns of obese children 
 Stature, bone breadths, and lean body mass are known to increase over time as a 
natural part of growth and maturation.  The within-subjects effects were consistent with 
typical growth expectations, including increases in stature, mass, lean body mass, 
humerus breadth, and subcutaneous fat (Malina, 1986).  The only variable that changed 
differently between normal-weight and overweight groups across time was mass, based 
on the significant interaction.  This suggested that overweight children are more like 
children of normal weight than the groups are different in pattern of change.  The groups 
were different in absolute terms for fat-related variables (e.g., waist circumference, 
percent body fat and subcutaneous fat) and other anthropometric measures (mass, lean 
body mass, femur and humerus breadth).  Stature was not different among groups.
 Bearing more weight is associated with greater bone breadths, so greater lean 
body mass and femur breadths could be a result of greater body mass (Malina, 1986).  
The reverse is also possible; that is, greater body mass has been related to larger bones.  
The groups were not statistically different for stature. However, the confidence intervals 
indicated that the groups were not the same.  The large differences in stature might 
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suggest early maturation which has been associated with obesity (Frisch & Revelle, 
1971).  Alternatively, the large difference in stature could be due to familial influence, 
since stature is heritable (CDC, 2009).  Thus, these data do not support an early 
maturation hypothesis.    
Physical activity and fitness in overweight children   
Generally, overweight/obese children were not less active than normal-weight 
children in this study.  Unfortunately, both classifications of children may be less active 
than what has been recommended by health professionals and may fall short of physical 
activity recommendations.  Sedentary patterns were not found within either group, so it 
may be incorrect to assume that one group’s inactivity had an impact on the findings 
within the study.  In addition, overweight/obese children do not seem less fit than their 
normal-weight counterparts.  Based on normative criterion (FITNESSGRAM), most 
children were in the “healthy zone” at both baseline and end point.  Small effect sizes 
revealed physical activity and fitness may not be a strong contributing factor to 
overweight/obesity in this sample of children.  The use of submaximal cycle ergometer 
testing also revealed no difference between groups for total work (Kjoules) and heart rate.  
Heart rate, which was lower in the obese children, may have been affected by growth and 
development as heart rate slows as children age and approach puberty (Nugent & Finley, 
1990).    
Agreement of percent fat and BMI 
 The two methods of weight classification produced a moderate agreement (66%).  
BMI may overestimate the number of participants that are overweight, especially those 
children close to the 85-90th percentile.  Because BMI does not separate fat from lean 
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mass, those children with significant lean body mass may not have too much fat but may 
have higher BMI due to increased lean body mass.  Thus, disagreement between the two 
different methods of classification may occur (Sardinha, Going, Teixeira & Lohman, 
1999).  Body fat presents challenges to accurate measurement but was consistent with 
other measures of fat (waist and skinfolds) in this study.  For children with BMIs of 85-
90 percentile, a second measure such as waist circumference or skinfolds has the 
potential to more accurately identify overly fat children than BMI alone.   
Limitations 
Recruitment for the study was not random due to the need for age- and gender-
matched pairs that were categorized into groups based on BMI percentile (20-60th 
percentile for normal-weight; 85th and above percentile for overweight/obese).  The use 
of self-report for physical activity recall was susceptible to error.  In addition, only 
structured physical activity was recalled in the self-report of physical activity.  Free play 
and non-structured physical activity was not included since the period of recall was long 
in duration (the previous one year at baseline and end point).  The use of doubly labeled 
water or accelerometers may be useful in future research to more accurately track the 
activity patterns in a study of this nature.  Sub-maximal testing on the cycle ergometer 
was difficult for the youngest children in the study and prevented several participants 
from completing the test at baseline data collection.   
 
 
 
 
27 
 
REFERENCES 
 
Centers for Disease Control and Prevention. (2008). About BMI for children and teens.  
 http://www.cdc.gov/nccdphp/dnpa/healthyweight/assessing/bmi/childrens_B
MI/about_childrens_BMI.htm.  (2009, January 28). 
Centers for Disease Control and Prevention. (2008). Overweight and obesity: home. 
http://www.cdc.gov/nccdphp/dnpa/obesity/childhood/index.htm. 
 (2009, January 28).  
Cote, J., Baker, J., & Abernethy, B. (2001).  Stages of sport participation of expert 
decision-makers in team ball sports.  In Papaioannou, M., Goudas, M., & 
Theodorakis, Y. (Eds.), Proceedings of the 10th World Congress of Sport 
Psychology (pp.150-152). Skiathos Island, Greece: International Society for 
Sport Psychology.  
Cote, J., Ericsson, K. A., & Law, M. P. (2005). Tracing the development of athletes using 
retrospective interview methods: a proposed interview and validation 
procedure for reported information.  The Journal of Applied Sport Psychology, 
17, 1-19. 
Dietz, W. H. (2004). The effects of physical activity on obesity. Quest, 56, 1-11. 
Frisch, R. E. & Revelle, R. (1971). Height and weight at menarche and a hypothesis of 
menarche.  Archives of Disease in Childhood, 48, 695-701. 
Johnson, B. L. & Nelson, J. K. (1986). Anthropometric measurements, body build, and 
body composition.  Practical Measurements for Evaluation in Physical 
Education. (pp. 180-183). Edina, MN: Burgess Publishing.   
Lohman, T.G., Roche, A. F., & Martorell, R. (Eds.) (1988). Circumferences.  
Anthropometric Standardization Reference Manual.  (pp. 44-45, 55-70, 111-
114).  Champaign, IL: Human Kinetics. 
Malina, R. M. (1984). Physical growth and maturation. In Thomas, J. R. (Ed.), Motor 
Development During Childhood and Adolescence. (pp. 2-26). Minneapolis, 
MN: Burgess Publishing Company. 
Meredith, M. D. & Welk, G. J.  (2005). FITNESSGRAM ACTIVITYGRAM Test 
Administration Manual.  Champaign, IL: Human Kinetics.   
28 
 
 
Morrow, J. R., Jackson, A.W., Disch, J.G., & Mood, D.P. (2005). Measuring body 
composition.  Measurement and evaluation in human performance.  (3rd ed.) 
(p. 137).  Champaign, IL: Human Kinetics. 
Must, A., Naumova, E. N., Phillips, S. M., Blum, M., Dawson-Hughes, B., & Rand, W. 
M. (2005). Childhood overweight and maturational timing in the development 
of adult overweight and fatness: the newton girls study and its follow-up.  
Pediatrics, 116, 620-627. 
Sardinha, L.B., Going, S.B., Teixeira, P.J., & Lohman, T.G. (1999). Receiver operating 
characteristic analysis of body mass index, triceps skinfold thickness, and arm 
girth for obesity screening in children and adolescents.  American Journal of 
Clinical Nutrition, 70(6), 1090-1095.   
Thomas, K. T., Lee, A. M., & Thomas, J. T.  (2003). Health and developmental benefits 
of physical education.  Physical Education Methods for Elementary Teachers.  
(2nd ed.) (pp. 4-5).  Champaign, IL: Human Kinetics.  
Thompson, D. R., Obarzanek, E., Franko, D. L., Barton, B. A., Morrison, J., Biro, F. M., 
Daniels, S. R., and Striegel-Moore, R. H. (2007). Childhood overweight and 
cardiovascular disease risk factors: The national heart, lung, and blood 
institute growth and health study. Journal of Pediatrics, 150, 18-25. 
United States Department of Health and Human Services.  (2001). Healthy People 2010: 
Leading Health Indicators.  
http://www.healthypeople.gov/Document/html/uih/uih_bw/uih_4.htm.  (2007, 
May 24).   
United States Department of Health and Human Services.  (2001). The surgeon general’s 
call to action to prevent and decrease overweight and obesity.  Department of 
Health and Human Services.  United States Government Printing Office:  
Washington D.C. 
Wang, G. & Dietz, W. H. (2002). Economic burden of obesity in youth aged 6 to 17 
years: 1979-1999. Pediatrics, 109(5), 81-86. 
29 
 
Wang, Y., Ge, K., & Popkin, B. M. (2003). Why do some overweight children remain 
overweight, whereas others do not.  Public Health Nutrition, 6(6), 549-558.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
30 
 
REVIEW OF LITERATURE 
Physical Activity  
Physical activity is assumed to cause greater lean body mass and less fat in young 
and adult populations (Welk & Blair, 2000).  Physical activity may also lead to fitness, 
which is associated with additional lean body mass.   Normal growth in children includes 
the acquisition of lean body mass and fat.  However, no data are available describing the 
growth of overweight children.  It is known that physical activity has a positive influence 
on several growth parameters, including stature, lean body mass, bone density, skeletal 
breadths and relative fatness (Malina, 1984). What remains unknown is the influence of 
physical activity and fitness on these parameters in overweight, growing children.  
Growth and Maturation 
Childhood represents a period of growth, maturation, and development.  Growth 
is the increase in size, either of the body as a whole or its parts (Malina, 1984).  Normal 
growth includes changes in body composition, height, and weight.  Growth occurs in 
phases that span from infancy to adulthood.  Rapid gains are made during early childhood 
and growth is steady during middle childhood (Malina, 1984). Body weight is broken 
down into two separate components, lean body mass and fat mass.  Lean body mass 
(LBM) refers to the weight of all lean tissues including bone, muscle, and organs.  Fat 
mass is all fat tissues, including subcutaneous, visceral, and other fats such as cholesterol 
(Broekoff, 1985). Girls and boys follow similar growth patterns prior to puberty.  
Although both genders gain lean body mass, however, boys tend to have more fat-free 
mass than girls.  On average, girls exceed boys in both relative and absolute fat during 
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childhood growth.  The differences between girls and boys are not great until adolescence 
approaches (Malina, 1984). 
Physical Fitness  
Physical activity and physical fitness are related but not the same, each has a 
unique definition.  Physical activity is a broad term that refers to a continuum that ranges 
from sedentary behavior to being active on a daily basis.  A physically active individual 
may choose to play tennis twice a week or walk on a regular basis; a physically active 
person accumulates 30 minutes of activity most days of the week (Pate, Pratt, Blair, 
Haskell, Macera, Bouchard, et al., 1995).  An inactive person chooses to participate in no 
or minimal activity and is considered sedentary.  Exercise is physical activity with the 
intention to improve health and well-being.  Physical fitness requires one to adopt a 
physically active lifestyle to a higher level. Physical fitness is an outcome of a physically 
active lifestyle.  Physical activity that ranges from moderate to vigorous intensities may 
improve children’s cardiovascular fitness (Ruiz, Rizzo, Hurtig-Wennlof, Ortega, 
Warnberg, & Sjostrom, 2006).   
Although controversial, fitness has been demonstrated to be as important as 
obesity when evaluating health risks in adults and children (Lee, Blair, & Jackson, 1999; 
Sallis, McKenzie, & Alcaraz, 1993).  Other studies indicate that adiposity better predicts 
cardiovascular health risks (Christou, Gentile, DeSouza, Seals, & Gates, 2005). Both 
fatness and aerobic fitness have also deemed important in regards to cardiovascular 
health risks (Katzmarzyk, Gagnon, Leon, Skinner, Wilmore, Rao, & Bouchard, 2001). 
However, this is unexplored in children except as fitness tests have predetermined an 
overweight child to be unfit.  Fitness is measured and evaluated by testing several field 
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and laboratory tests are available to assess the current fitness level of children.  
FITNESSGRAM, the Presidential Physical Fitness Test, and the AAHPERD Youth 
Fitness Test have been developed to assess the fitness of children (Morrow, Jackson, 
Disch, & Mood, 2002). These testing batteries measure fitness in the following areas:  
aerobic capacity, body composition, muscular strength, muscular endurance, and 
flexibility.   
Laboratory exercise tests have also been designed for young populations.  Aerobic 
exercise testing and the measurement of oxygen consumption are two laboratory tests that 
have been adjusted for children, usually to a submaximal setting, to evaluate fitness at the 
physiological level (Rowland, 1993). When considering body composition, physical 
activity is associated with loss of adipose tissue (Welk & Blair, 2000).  Assuming that 
physical activity leads to fitness, fitness would also be associated with lean body mass, 
rather than fat mass.  When investigating the relationship of physical fitness and the 
incidence of overweight in school children, researchers found an inverse relationship 
between the prevalence of overweight and the number of fitness tests passed girls (Kim, 
Must, Fitzmaurice, Gillman, Chomitz, Kramer, et al., 2005).  A moderately high 
percentage of boys, 62%, did not pass any of the fitness tests were overweight compared 
to the small percentage, 5%, that passed all the tests.  A similar relationship was observed 
with girls in the study. The association of regular exercise, physical fitness, and body fat 
was studied specifically in prepubertal boys.  Boys that participated at least 3 times per 
week in physical activity had higher levels of physical fitness had lower body fat in 
several regions on the body in comparison to the non-active group of participants (Ara, 
Vicente-Rodriguez, Jimenez-Ramirez, Dorado, Serrano-Sanchez, & Calbet, 2004). 
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Physical Activity  
Physical activity is a predictor of health risk.  Regular physical activity is 
recommended for all that intend on living a long, healthy life.  The influence of exercise 
and/or physical activity on body composition has been studied in adults.  Energy balance 
is the key factor in adult body composition (Dietz, 2004).  When the calories consumed 
match the calories expended body weight and fat are stable.  To reduce fat and weight, 
adults must expend more calories than consumed, generally by a combination of 
increasing physical activity and decreasing caloric intake.  Clearly, most obesity is a 
result of energy imbalance where more activity could reduce excess fat (Dietz, 2004).  In 
addition to energy intake and expenditure, a third factor—growth—may influence obesity 
because children are still growing and maturing, while adults have reached maximum 
stature and sexual maturation.   
Children who are overweight and sedentary are at increased health risk, unlikely 
to change and likely to increase in obesity because they are inactive and therefore have 
difficulty achieving negative energy balance.  Overweight children need to incorporate 
physical activity into their life, in order to combat the consequences of excess adiposity.  
The problems associated with overweight often follow the child into adolescence and into 
adulthood.  Overweight children have a 10-fold greater risk of being overweight in early 
adulthood than children of normal weight (Thompson, et al., 2007).  The effect of 
exercise on growing children is an area of interest to many health professionals.  In 
adults, the weight loss caused by exercise is associated with the maintenance or 
preservation of lean body mass, in comparison to losses of fat-free mass in hypocaloric 
dieting (Despres, 1994).  Weight loss caused by caloric restriction is typically not 
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recommended for children because children are growing and need to gain lean body mass 
(Schwingshandl & Borkenstein, 1995).  Loss of lean body mass by hypocaloric dieting is 
problematic in growing children.  Lean body mass is greater in children who are 
physically active, likely resulting from exercise and physical exertion.   
Many studies have investigated the effect of exercise on body composition and 
fitness in overweight and obese children.  An improvement in body composition and 
cardiovascular fitness resulted from a 5 day-a-week regimen in children that were 
categorized as overweight or obese.  The exercise intervention was associated with a 
decrease in total fat mass and also promoted the growth of fat-free mass in the children 
(Owens, Gutin, Allison, Riggs, Ferguson, Litaker, et al., 1999).  When an increase of 
recreational activity is added to the lifestyle of children, a relative decline in BMI 
occurred in girls and overweight boys.  Activities such as aerobics/dance, walking, and 
strength training elicited different BMI fluctuations in girls and boys.  Since BMI was 
used as a measure, it is impossible to determine what components of body weight were 
actually altered in the children (Berkey, Rockett, Gillman, & Colditz, 2003). 
When a physical training program is implemented in a specific obese population, 
body composition changes favorably.  African American girls participating in a 5-day per 
week, 10-week intervention were placed in an exercise program or a lifestyle program 
that involved no physical activity.  The exercise intervention did not include an altered 
diet to prevent the loss of lean body mass.  The girls in the exercise program showed 
significant decreases in body fat, as well as increases in fat-free mass (Gutin, Cucuzzo, 
Islam, Smith, Moffatt, & Pargman, 1995).  An overweight or obese child responds well to 
exercise, but returning to a sedentary lifestyle may reverse the positive body composition 
35 
 
changes that have taken place.  As a group of obese children participated in a four-month 
period of training, increases in bone density and fat-free mass were observed, as well as a 
decline in body fat and fat mass.  However, when the children were removed from the 
exercise program, substantial gains in body fat occurred (Gutin, Owens, Okuyama, Riggs, 
Ferguson, & Litaker, 1999).  
Exercise itself can have an impact on the body fatness of children.  Increases in 
lean body mass or maintenance of fat-free mass may contribute to the short-term and 
long-term state of body composition in children struggling with overweight and obesity.  
Many studies have indicated that vigorous exercise produces favorable effects on 
cardiovascular fitness, percent body fat, bone density, visceral adiposity, and some risk 
factors for cardiovascular disease and diabetes (Gutin, Barbeau, & Yin, 2004). When 
weight reduction programs cause decreases in lean body mass, the effects on body 
composition in the future may be negative.  Children that lose the most lean body mass 
have the largest gains in weight, months after the weight-reduction intervention 
(Schwingshandl & Borkenstein, 1995). Clearly, exercise interventions should not focus 
on the reduction of body fat alone; preservation of lean body mass must also be taken into 
consideration. 
Overweight and Obesity  
The Centers for Disease Control and Prevention classify children/adolescents as 
underweight, healthy weight, overweight and obese (Centers for Disease Control and 
Prevention, 2008).  Anthropometric and body composition measures are used for young 
populations to determine an individual’s status relative to healthy weight, overweight or 
obesity. Concern exists about the appropriateness and accuracy of body composition 
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measures for children.   Measures such as body mass index (BMI) and hydrodensitometry 
may be appropriate for adult populations but validity is threatened when these are applied 
to young populations (Pietrobelli, Faith, Allison, Gallagher, Chiumello, & Heymsfield, 
1998).  Body Mass Index has been used as a surrogate for body fat and as a criterion for 
overweight and obesity.  In average infants and children, body mass index increases from 
birth to the first birthday, decreases slightly until age 6 years then increases steadily 
through childhood until after puberty (Lobstein, Baur & Uauy, 2004).  Body mass index 
has been used to estimate fatness in children, identifying childhood obesity as a BMI for 
age and gender equal to or above the 95th percentile.   
Body mass index is scrutinized because greater values are assumed to indicate 
greater body fatness.  The measure has been correlated with percent body fat and is 
predictive of fat in large population studies.  However, BMI is not a direct measure of 
fatness because BMI includes both the lean and fat components of body weight.  The 
variability of fat-free mass in children can influence BMI, causing underestimates of 
overweight and obesity (Wells, Coward, Cole, & Davies, 2002).  Another particular 
problem is overestimation in individuals with high lean body mass (Sardinha, Going, 
Teixeira & Lohman, 1999).  A rising BMI value may not be indicative of the 
development of overweight or obesity in children, because it could represent estimation 
error or increased lean body mass. Increased lean body mass is an outcome of physical 
activity, heredity, or a combination of both.  Although the use of BMI has been 
encouraged as an approximate classification of obesity, BMI alone cannot accurately 
predict total body fat or percent body fat in children.  Since adipose tissue growth and 
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distribution vary with age and sex, adult interpretations of BMI cannot be applied to 
children without age and sex adjustments (Pietrobelli, et al., 1998).   
Growth charts were developed by the Centers for Disease Control and Prevention 
(CDC) to take age and sex into consideration because body fat changes with age and 
differs between girls and boys.  The charts convert BMI into a percentile.  When a child 
falls at or above the 95th percentile, he or she is considered to be obese.  Placement at the 
85th to less than the 95th percentile is overweight categorization. With the use of BMI, the 
adjusted growth charts, and additional measures or criteria, health professionals can 
identify the development of overweight or obesity in children (Mei, Grummer-Strawn, 
Pietrobelli, Goulding, Goran, & Dietz, 2002).  Other experts in the field have called for 
the identification of BMI cutoff points throughout childhood and adolescence, allowing 
for adult overweight and obesity to be predicted and mortality risks reduced.  However, 
the use of growth charts and the concept of cutoff points are difficult to apply to all 
children due to the influence of ethnicity, gender and age (Dietz & Robinson, 1998).   
Obesity and overweight is at epidemic proportions in adult population of the 
United States and other developed countries.  As the percentage of body fatness increases 
in these adult populations, a similar trend is developing in children and adolescents.  The 
influence of exercise and/or physical activity on lowering body fatness has been studied 
in adults.  Fewer studies have examined fat loss in children and most have focused on 
body weight.    No studies have documented the influence of growth on obesity in 
children.  Nor have studies examined physical fitness and obesity during growth.  
Hypothetically, a growing child could move from obesity to normal weight as a result of 
growth with no changes in diet or increases in physical activity.    For example, an obese 
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child with a BMI percentile in the overweight category could grow 6 cm in a year while 
maintaining weight.  In this example, normal growth would reduce BMI and the BMI 
percentile would place the child in the “normal” category.  Similarly, during normal 
growth lean body mass increases more rapidly than fat, suggesting that overly fat children 
could benefit from decreases in relative fat.   
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APPENDIX A: BODY MASS INDEX (BMI) RELATED TABLES AND 
FIGURES 
 
Table 1.  Baseline demographic information for groups created by body mass index 
(BMI) classification.  Overweight/obese and normal weight determined when participant 
is classified into the 85th or greater percentile or below the 70th percentile respectively.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 Male Female Overall 
n Mean S.D. n Mean S.D. n Mean S.D 
Normal Weight 
 
Age 16 7.4637 1.2055 11 7.2409 1.1123 27 7.3730 1.1518 
Height 
(cm) 
 49.3984 4.2311  47.9545 2.8892  48.8102 3.7499 
Weight 
(lbs) 
 55.3819 11.2398  50.5227 7.0730  53.4022 9.90176 
BMI  15.8187 0.7204  15.2727 0.7404  15.5963 0.7648 
BMI 
Percentile 
 51.1250 16.8479  41.7273 15.0339  47.2963 16.5176 
BMI 
zscore 
 0.0313 0.4644  -0.3636 0.5954  -0.1296 0.5476 
Overweight/Obese Age 16 7.4469 1.1472 11 7.2582 1.3266 27 7.3700 1.2021 
Height 
(cm) 
 50.0703 4.6301  48.7273 4.9465  49.5231 4.7150 
Weight 
(lbs) 
 75.2488 24.6557  72.7173 36.7141  74.2174 29.5085 
BMI  20.6813 3.7682  20.3727 5.2430  20.5556 4.3345 
BMI 
Percentile 
 93.3125 4.6003  91.2727 4.5407  92.4815 4.6024 
BMI 
zscore 
 1.7813 0.7064  1.5909 0.7687  1.7037 0.7240 
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Table 2.  End line demographic information for groups created by body mass index 
(BMI) classification.  Overweight/obese and normal weight determined when participant 
is classified into the 85th or greater percentile or below the 70th percentile respectively.   
 
 
 
 
 
 
 
 
 
 
 
 
 Male Female Overall 
n Mean S.D. n Mean S.D. n Mean S.D 
Normal Weight Age 19 8.0579 1.2438 14 7.9057 1.1114 33 7.9933 1.1738 
Height 
(cm) 
 51.006
8 
4.5024  49.232
1 
3.114  50.253
9 
4.0169 
Weight 
(lbs) 
 59.557
9 
13.529
5 
 55.356
4 
9.0034  57.775
5 
11.846
6 
BMI  15.878
9 
1.0597  16.092
9 
1.3646  15.969
7 
1.1831 
BMI 
Percentil
e 
 47.947
4 
20.323
7 
 51.214
3 
23.933
2 
 49.333
3 
21.627
1 
BMI 
zscore 
 -
0.0263 
0.6765  0.2143 0.7774  0.0758 0.7194 
Overweight/Obese Age 13 8.1000 1.1380 7 7.9214 1.5036 20 8.0375 1.2407 
Height 
(cm) 
 51.750
0 
4.5506  51.607
1 
5.4464  51.700
0 
4.7383 
Weight 
(lbs) 
 85.170
8 
27.206
3 
 91.200
0 
46.802
9 
 87.281
0 
34.175
0 
BMI  21.807
7 
3.7071  22.800
0 
6.3634  22.155
0 
4.6586 
BMI 
Percentil
e 
 95.000
0 
3.8944  93.714
3 
4.9570  94.550
0 
4.2112 
BMI 
zscore 
 2.0000 0.7360  1.5714 1.5392  1.8500 1.0650 
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Table 3.  Baseline demographic information for groups created by body fat percentage 
calculated by BOD POD measurement.   Overweight/obese classification determined 
when males and females have 20% or greater and 30% or greater body fat percentage 
respectively.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Male Female Overall 
n Mean S.D. n Mean S.D. n Mean S.D 
Normal Weight Age 14 7.6586 1.0578 19 7.0432 1.1422 33 7.3042 1.1331 
Height 
(cm) 
 49.4554 4.0755  47.3158 2.9414  48.2235 3.5731 
Weight 
(lbs) 
 56.3700 10.6771  52.8358 8.1970  54.3352 9.3410 
Body 
Fat % 
 14.2643 4.3275  21.2526 4.9627  18.2879 5.8106 
Lean 
Body 
Mass 
(lbs) 
 48.2132 8.5803  41.6246 7.1229  44.4198 8.3296 
Overweight/Obese Age 17 7.4053 1.1830 3 8.5567 .5269 20 7.5780 1.1771 
Height 
(cm) 
 50.5000 4.2112  54.8333 3.8270  51.1500 4.3585 
Weight 
(lbs) 
 74.0459 24.6671  117.2533 48.6216  80.5270 31.8087 
Body 
Fat % 
 28.4471 7.4374  40.6333 5.7449  30.2750 8.3658 
Lean 
Body 
Mass 
(lbs.) 
 51.7845 13.6853  68.3828 24.4217  54.2743 16.0460 
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Table 4.  End line demographic information for groups created by body fat percentage 
calculated by BOD POD measurement.   Overweight/obese classification determined 
when males and females have 20% or greater and 30% or greater body fat percentage 
respectively.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 Male Female Overall 
n Mean S.D. n Mean S.D. n Mean S.D 
Normal Weight Age 19 7.9779 1.2300 16 7.6531 1.1075 35 7.8294 1.1701 
Height 
(cm) 
 50.5068 4.8068  48.6875 2.9191  49.6751 4.1033 
Weight 
(lbs) 
 60.1047 13.7449  55.2281 8.3321  57.8754 11.6928 
Body 
Fat % 
 12.4158 4.6781  17.8000 5.4658  14.8771 5.6720 
Lean 
Body 
Mass 
(lbs) 
 52.2976 10.3444  45.2586 6.6473  49.0798 9.4235 
Overweight/Obese Age 13 8.2169 1.1448 5 8.7360 1.2996 18 8.3611 1.1746 
Height 
(cm) 
 52.4808 3.7825  54.3000 4.5429  52.9861 3.9570 
Weight 
(lbs) 
 84.3715 27.8308  105.9480 48.3504  90.3650 34.5788 
Body 
Fat % 
 30.3769 8.3801  36.3800 11.1670  32.0444 9.3042 
Lean 
Body 
Mass 
(lbs.) 
 57.0316 13.7158  65.3313 26.6789  59.3370 17.7454 
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Table 5.  Children that switched groups when classification is based on percent body fat 
(Bod Pod) and overweight is above 20% and 30% fat for males and females respectively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Code Sex age Pre body 
fat 
Post body 
fat 
Change 
DH04 M 6.45 22 11.7 10.3 
AM04 M 6.58 22.6 18.9 3.7 
SH09 M 9.78 22.8 19.5 3.3 
CC20 M 8.25 21 19.1 1.9 
NN21 M 7.57 23.9 16.9 7 
TH05 M 8.89 19.1 21.7 (-)2.6  
Mean 
males 
 
7.92 21.9 17.96667 5.24 
AK12 F 6.52 28.7 33.6 (-)4.9 
CA23 F 9.41 19.3 20.4 (-)1.1 
Mean 
Females 
 
7.965 24 27 (-)3.0 
Overall 
mean 
 
7.93125 22.425 20.225 5.24 
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Table 6.   Descriptive statistics for percent body fat calculated by Bod Pod at baseline for 
participants classified as normal weight (less than 20 & 30% fat for males and females 
respectively) and overweight (above 20 and 30% fat) at both baseline and endline.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Group 
 
Mean 
percent  
SD Lower 
boundary 
of CI 
Upper 
boundary 
of CI 
Normal weight 
(n=34) 
18.28 5.81 16.23 20.35 
Overweight (n=19) 30.28 8.37 26.36 34.19 
All participant 
(n=53) 
22.81 8.99 20.33 25.29 
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Table 7.  Descriptive statistics for percent body fat calculated by Bod Pod at end line for 
participants classified as normal weight (less than 20 & 30% fat for males and females 
respectively) and overweight (above 20 and 30% fat) at both pre and post test, and 
participants whose classification changed based on percent body fat between pre and post 
test.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Group 
 
Mean 
percent  
SD Lower 
boundary 
of CI 
Upper 
boundary 
of CI 
Normal weight 
(n=31) 
14.71 5.96 12.52 16.896 
Overweight to 
normal weight (n=5) 
17.22 3.25 13.19 21.25 
Normal weight to 
overweight (n=3) 
25.23 7.27 7.16 43.31 
Overweight (n=14) 34.26 8.96 29.09 39.44 
All participant 
(n=53) 
20.71 10.8 17.73 23.69 
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Table 8. Confidence intervals at baseline and endpoint for BMI percentiles using three 
weight categories, normal weight, overweight at both points and change (overweight at 
baseline but not at end point).   
 Normal weight Change Overweight 
Baseline 40.7621-53.8305 86.2329-89.1005 90.6608-94.3021 
End point 36.1091-51.7427 63.4560-83.8773 92.5791-96.5209 
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Table 9.  Descriptive statistics for BMI z score, BMI and BMI percentile by overweight 
and normal weight groups based on BMI percentile where normal weight is from 40th to 
60th percentile and overweight is the 85th and above percentile.  
 
 
time preclass   N Mean Std. Deviation Lower CI  Upper CI 
pre normal weight zscorebmi 27 -0.1296 0.5476 -0.3463 0.0870 
    percentile 27 47.2963 16.5176 40.7621 53.8305 
    bmi 27 15.5963 0.7648 15.2937 15.8989 
    Valid N (listwise) 27       
  over weight zscorebmi 27 1.7037 0.7240 1.4173 1.9901 
    percentile 27 92.4815 4.6024 90.6608 94.3021 
    bmi 27 20.5556 4.3345 18.8409 22.2702 
    Valid N (listwise) 27       
post normal weight zscorebmi 27 -0.0926 0.6799 -0.3615 0.1764 
    percentile 27 43.9259 19.7600 36.1091 51.7427 
    bmi 27 15.6667 1.0050 15.2691 16.0642 
    Valid N (listwise) 27       
  over weight zscorebmi 20 1.8500 1.0650 1.3516 2.3484 
    percentile 20 94.5500 4.2112 92.5791 96.5209 
    bmi 20 22.1550 4.6586 19.9747 24.3353 
    Valid N (listwise) 20       
  changed to normal zscorebmi 6 0.8333 0.2582 0.5624 1.1043 
    percentile 6 73.6667 9.7297 63.4560 83.8773 
    bmi 6 17.3333 0.9893 16.2952 18.3715 
    Valid N (listwise) 6         
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Table 10.  Mean and percent of participants in overweight, normal weight and change 
group at or above numeric indicators (selected based on approximately 50% of a group 
being above or below that point) for components of somatotype at baseline and the end 
point. 
1
 N=6 at baseline and 5 at end point 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                 
1
 N=6 at baseline and 5 at end point 
  Baseline 
m 
End 
point m 
Numeric 
indicator 
Baseline 
percent  
End 
point 
percent 
Endomorph       
 Normal (n=27) 2.2 3.5 LT= 4.5 100% 78% 
 Change (n=5.51) 2.6 2.8 LT=4.5 100% 86% 
 Overweight 
(n=21) 
5.0 3.2 LT=4.5 48% 20% 
Mesomorph       
 Normal (n=27) 3.6 4.5 LT=3.6 48% 19% 
 Change (n=5.5) 4.5 4.5 LT=3.6 0% 20% 
 Overweight 
(n=21) 
5.2 4.6 LT=3.6 5% 20% 
Ectomorph       
 Normal (n=27) 2.9 2.2 GT=2.9 50% 60% 
 Change (n=5.5) 1.0 2.1 GT=2.9 0% 60% 
 Overweight 
(n=21) 
.88 2.1 GT=2.9 5% 62% 
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Table 11.  Pre-tests (baseline) descriptive statistics for percent body fat based on Bod 
Pod.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Group Average 
body fat  
SD Minimum Maximum N Lower 
CI 
Upper 
CI 
Normal 
weight 
18.54 5.9 4.7 28.8 34 16.48 20.59 
Males (below 
20%) 
14.26 4.33 4.7 19.30 14 11.77 16.76 
Females 
(below 30%) 
21.25 4.96 14.10 28.8 19 18.86 23.64 
Overweight 30.46 8.55 21 47 19 26.34 34.58 
Males (above 
20%) 
28.45 7.44 21 47 17 24.62 32.27 
Females 
(above 30%) 
40.63 5.74 34 44 3 26.36 54.90 
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APPENDIX B: BODY MASS INDEX (BMI) RELATED TEXT 
 
From the baseline to end point of the study the body mass index (BMI)  percentile 
for age and gender dropped below the 85th percentile for 22% (n=6) of the overweight 
participants. All six had BMI percentiles of 85-90 at baseline. However, at the end of the 
study these participants were no longer classified as overweight. Six other participants 
with BMI percentiles of 85-90 at baseline remained in the same BMI percentile category 
(overweight/obese) at the end point.  None of the normal weight participants changed 
categories as determined by BMI percentile.  At the end point two were above the 70th 
percentile, the cut-off used for recruiting normal weight participants in this study.  The 
six participants originally in the overweight group but no longer meeting the CDC criteria 
for overweight based on BMI percentile were placed in a new group (named “change”) 
for some analyses. The goal of the change group was to identify factors related to the 
positive change. Two of the change group were below the 70th percentile for BMI and 
three others at or below the 80th percentile by the end point (see Appendix Table 1 for 
descriptive data on these participants).   Data describing the participants by BMI group 
and gender at baseline and end point are presented in Table 1. 
Hypothesis 1.   
To address the question, do overweight and obese children follow the same 
growth pattern as children of normal weight, a MANOVA repeated measures with group 
(weight category) and time (growth) as independent measures and mass, stature, 
circumference of the hips and waist, percent body fat, sum of skinfolds, femur and 
humerus breadth, and lean body mass as dependent variables was completed.  The 
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dependent variables used in this analysis were deemed normally distributed after 
examining the skewness, kurtosis and Q-Q plots within each group (e.g., normal weight, 
overweight and change).  Further, interclass correlation was used to assure reliability of 
these variables resulting in eight R>.94 and one R=.85.  The multivariate tests produced 
three significant results for between subjects [F(16,84)=4.89, p=.0001], within subjects 
[F(8,42)=31.38, p=.0001] and the interaction for group by time [F(16,84)=2.27, p=.008].  
The interaction of growth (baseline and endpoint) and group (overweight, normal weight 
and change from overweight) was the effect of primary interest to answer the question.   
After Bonferroni (.05/8) alpha was set at .006 for remaining tests.  The ANOVA 
follow-up test produced one significant interaction for mass [F(2,49)=17.09, p=.0001] 
(see Figure 2), the remaining interactions were not significant.  The overweight group in 
absolute weight gained twice what the normal or change groups gained during the seven 
months of the study. The effect size describing differences between the normal and 
overweight groups at the base line was 2.1 and at the end point was 2.4.  As a percent of 
their initial mass the overweight group gained 9.4%, the normal weight group gained 
5.7% and the change group gained 4.4% (Table 2).  The overweight group was heavier at 
the beginning and gained more weight than either of the other groups.  The normal and 
change groups demonstrated similar patterns of weight gain across time.   
Significant within subjects effects were found for increases in mass 
[F(1,49)=76.69, p=.0001], stature [F(1,49)=55.15, p=.0001], lean body mass 
[F(1,49)=44.53, p=.0001], femur breadth [F(1,49)=83.53,p=.0001] and humerus 
breadth[F(1,49)=86.90,p=.0001]. These results were consistent with growth expectations 
for children in this age range (Table 2).  Waist circumference, subcutaneous fat (sum of 
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skinfolds) and percent fat did not change significantly during this time period.  Based on 
the confidence intervals waist circumference was both not significant and the same 
because the baseline confidence interval completely encompasses the confidence interval 
for the end point.  Subcutaneous fat (sum of skinfolds) and percent fat were not different 
nor did these meet the criteria to be declared the same.  
The between subjects tests produced seven significant effects indicating 
differences between the three groups; mass [F(2,49)=11.19,p=.0001], waist 
circumference [F(2,49)=13.56, p=.0001], subcutaneous fat [f(2,49)=21.54, p=.0001], lean 
body mass [F(2,49)=5.58, p=.007], percent body fat [F(2,49)=17.63,p=.0001], femur 
breadth [F(2,49)=6.26,p=.0001], and humerus breadth [F(2,49)=8.00,p=.0001] (Table 2). 
Using Schefee’ follow-up tests, two patterns emerged for the group comparisons.  For 
mass, waist circumference, lean body mass and femur breadth the overweight and normal 
weight groups were different from each other but neither group was different from the 
change group.  Subcutaneous fat (sum of skinfolds), percent fat and humerus breadth 
produced differences between the overweight group and both other groups which were 
not different from each other.  Stature did not produce a statistically significant difference 
among the groups (effect sizes .19-.21), however the groups do not meet the criteria to be 
declared the same either based on 95% confidence intervals.   
To further understand the impact of growth on overweight a regression with mass 
at the end point of the study as the dependent variable and waist circumference, percent 
fat, subcutaneous fat, lean body mass, femur breadth and humerus breadth at the 
beginning of the study as predictors was completed.  The analysis produced three 
significant models, accounting for 92-98% of the variance.  The first model used one 
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predictor, waist circumference.  Little was gained by adding percent fat or lean body 
mass both of which are more difficult and expensive to measure.  Sum of skinfolds, 
humerus and femur were not significant predictors in any of the models.   
Waist circumference increased over time for 56% of participants. There was 
considerable overlap among groups for waist circumference at baseline (NW minimum 
48 maximum 62; OW minimum 52 maximum 108; change minimum 52 maximum 70) 
and end point (NW minimum 54 maximum 65; OW minimum 55 maximum 96; change 
minimum 52 maximum 70).  Twenty-five of the normal weight group had waist 
circumferences below 60 cm at baseline and 15 of the overweight group were at or above 
that point.  Thus, waist circumference would have classified 74% of the participants into 
the same category at baseline as BMI percentile.  Eight of twelve of those with BMI 
percentiles at baseline from 85-90 had waist circumferences below 60 cm, however four 
each were from the change group and overweight group.   
Somatotype 
Physique has been used to assess muscle, fat and linearity using somatotype rating 
scales.  The Health Carter Somatotype scale was used to assess somatotype for all 
participants at baseline and end point.  Generally overweight has been associated with 
endomorphy when the excess weight came from excess fat and with mesomorphy when 
the excess weight came from muscle and bone.  A somatotype of 7-1-1 represented 
classic endomorphy and 1-7-1 classic mesomorphy.  There were no classic profiles at 
either point in time, consistent with most people having balanced somatotypes.  Exemplar 
profiles from these participants indicated tendency, for example 1-5-0, 1-2-4 presenting 
tendency toward mesomorphy and ectomorphy respectively.  At baseline the normal 
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weight group was balanced with tendency to meso-ecto (average ratings of 2-4-3) while 
the overweight group was meso-endo (average ratings of 5-5-1).  By the end point the 
normal weight group were balanced with meso-endo (average ratings of 4-5-2) tendency 
and the overweight group were balanced with meso-endo (average ratings of 3-5-2) 
tendency (Table 3).  From baseline to the endpoint 63% of the normal weight participants 
registered a decrease in ectomorphy, 85% increased mesomorphy and 63% increased 
endomorphy.  For the overweight participants 78% increased in the ectomorphy 
component, and over half decreased in endomorphy (63%) and mesomorphy (56%).  
These data suggest that most participants demonstrated a change in physique, although 
much of the change was small and groups regressed toward the mean across time.   
Percent body fat 
A secondary question related to this hypothesis was whether children changed 
weight classification over time (e.g., those in the change group) or were misclassified by 
BMI initially.  BMI has been criticized because fat and lean mass are not separated, as in 
other methods of assessing weight status such as percent body fat.  To address this issue, 
percent body fat as measured using air displacement plethysmography in the Bod Pod 
was used to form groups.   Most participants had data on both the Bod Pod and BMI. One 
child did not complete the Bod Pod portion of the study at baseline and one participant 
did not participate in the end point data collection. Males at or above 20% and females at 
or above 30% body fat were classified as overly fat.    At baseline fewer participants were 
classified as overly fat (n=20) when using body fat than when using BMI (Table 4).  
Percent fat increased for some participants such that they were no longer in the normal 
range for body fat at the end point (Table Appendix 2 provides descriptive information on 
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the participants changing classification based on percent fat).  This method for grouping 
participants produced large effect sizes for stature (e.s.=-0.83) and mass (e.s.=-2.81) 
indicating that the overly fat group was both taller and heavier (Table 5) than the normal 
group.  
Three variables (e.g., waist circumference, waist-to-hip ratio, and sum of 
skinfolds) that were not used in either method of classifying (BMI or percent fat) and 
were related to obesity and health risk were compared at baseline and endpoint (Table 6).  
The goal was to confirm the accuracy of classification using BMI and/or percent fat. The 
changes across time for subcutaneous fat (sums of skinfolds), waist circumference and 
waist-to-hip ratio (WHR) were generally small regardless of the grouping method.  The 
between group mean differences (effect sizes) tended to be greater when groups were 
formed using percent fat than when using BMI, for example waist effect sizes at baseline 
for BMI was 3.5 and for percent fat was 4.4, and for skinfolds were 4.5 and 6.5 
respectively.  Differences were moderate and similar for waist-to-hip ratio (es=0.6 to 
0.7).  The change group means typically fell between the normal weight and the 
overweight/overfat groups at baseline and with the distance narrowing further by the end 
point. Effect sizes were not considered for the change groups because of the small 
number in each group. Waist circumference of 60 cm and greater resulted in the same 
classification for 79% of the participants as body fat.  Using two compartments (percent 
fat) to assess weight status produced fewer overweight participants, greater differences 
between the overly fat and normal fat groups, and was sensitive to change in both 
directions (shifts from and to overly fat classifications).  
Predicting weight 
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Two discriminant analyses were conducted to determine what, if any, variables 
predicted normality versus obesity at the end point.  Possible predictor variables were 
gender, age, and stature, mass, waist, WHR, sum of skinfolds, endomorphy and lean body 
mass at each time point.  For the BMI groups (normal and overweight) two significant 
predictors were entered using stepwise method, sum of skinfolds and age with χ2 
(2)=35.5, p=.0001.  Age and sum of skinfolds correctly predicted 85% of the normal and 
overweight participants, including all of those in the normal range.  When predicting 
body fat group membership significant predictors were endomorphy and gender with χ2 
(2)=46.6, p=.0001 and 91% correct prediction of group membership.  Again, all 
participants in the normal (not fat) group were predicted correctly.  Endomorphy uses a 
subset of skinfolds corrected for stature.  
Agreement 
The two methods of classification, percent body fat and BMI percentile, agreed on 
66% of the participants, while classifying 42% (n=22) as normal fat/weight and 23% as 
overweight and overly fat (n=12). These participants were in the same group at both the 
baseline and end point.  The two methods of assessing weight status agreed on one 
additional participant, who began the study overweight and overly fat but ended in the 
normal classification for percent body fat and BMI.  The remaining third of the 
participants (n=17) were classified differently depending upon the measure used and the 
time period.  Forming two groups, obese and normal, from the participants where BMI 
and body fat agreed produced groups with no overlap on either characteristic (Table 7) at 
either point in time.  These two groups had the greatest potential for identifying 
differences because of the separation between the groups.  Examining the effect sizes 
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from baseline to end point provided another way to look at growth patterns and change 
versus misclassification (Table 8). Thus, the next section will focus on areas of 
agreement between the BMI and body fat where one group was normal and the other 
obese.   
Large effect sizes between normal and obese participants (Table 8) were noted for 
additional body composition variables including waist circumference, waist-to-hip ratio, 
and sum of skinfolds.  Large effect sizes were also evident for additional anthropometric 
variables representing mesomorphy (e.g., femur and humerus breadth, calf and arm mass) 
and stature.  The 95% confidence intervals and large effect sizes for waist and hip 
circumferences, humerus breadth, arm and calf mass (circumference-skinfold)  indicates 
that there is no overlap between the weight groups at either point in time.  Stature and 
femur did not overlap at baseline but did at the end point.  Generally effect sizes 
(excluding mass or sum of skinfolds) contrasting the groups decrease at the end point 
(mean es=-3.1) when compared to the baseline (mean es=-3.9). These data confirm and 
support the accuracy of the groups formed when BMI and body fat agree.  Waist 
circumference of 60 cm splits the participants into the same normal and obese groups 
with 94% accuracy.   
Hypothesis 2.   
 In order to test the second hypothesis physical activity was assessed.  Self-
reported recall of physical activity was more susceptible to error than direct measures of 
physical activity.  An outcome of being physically active is physical fitness, and 
generally fitness and activity are related.  Therefore it was important to assess both the 
reliability of the self-report data and to determine whether or not physical activity recall 
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was consistent with physical fitness. Further, field measures of physical fitness and 
laboratory measures should be related.  In the case of overweight participants a cycle 
ergometer test was more likely to reduce performance differences when compared to a 
running test.  Thus, three methods of defining physical activity were used; self-reported 
physical activity recall, a field measure of physical fitness, and a laboratory measure of 
physical fitness.    
Physical activity and fitness 
Intraclass reliability (normal weight R=.73; overweight R=.78) for minutes of 
physical activity was similar to the fitnessgram data for pacer (R=.67 & .80), curl ups 
(R=.75 & .83) and pushups (R=.79 & .90).  Data in this study for curl-ups and push-ups 
did not meet the assumption of normality.  Fitnessgram provides performance categories 
including “healthy zone”, most participants were in the healthy zone at baseline (93% 
normal weight, 81% overweight and 83% of those who would no longer be overweight) 
and at the end point (100% normal weight, 85% of the overweight and 83% of the change 
group).  Thus, using the categories provided by Fitnessgram was not possible because 
most participants would be in the same category.  
Two measures from sub-maximal exercise were calculated based on the cycle 
ergometer test.  First, total work in joules was calculated (workload in watts * 60) for 
each minute of exercise and, if necessary, watts for the partial last minute of exercise then 
summed across the entire test.  This was converted to kjoules (joules/1000).  Second, the 
heart rate for participants at workload 14.71 in minute 2 of exercise was identified.  This 
timeframe and workload was selected because at baseline and endpoint this included the 
greatest number of participants.  These data were determined to be normal based on 
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skewness, kurtosis and stem-and-leaf plots.  At baseline some children did not complete 
the cycle test because of equipment issues or because some younger children could not 
complete the test.  At the end point all but one participant completed the test.  Therefore, 
baseline to end point comparisons had less power for this test than for other 
measurements. Thus, reliability was estimated using measures at the end point.  The 
number of laps completed for pacer and the kjoules at the end point were modestly 
correlated at r(30)=.39, p=.04, kjoules and heart rate for minute 2 at workload 14.71 were 
correlated r(31)=-.64, p.0001 and the reliability of heart rate minute 2 (workload 14.71) 
comparing the two time periods was R=.63.   
Just over 60% of the participants completed the cycle ergometer test at both 
baseline and end point, thus providing the most accurate picture of changes due to 
development across time (Table 9) using a longitudinal approach.  The exercise effect 
sizes (kjoules and heart rate) were uniformly small indicating small changes across time 
and virtually no difference between BMI groups or percent fat groups. During the same 
time period considerable change was evident based on the effect sizes for lean body 
mass, upper arm muscle, and calf muscle regardless of the group or grouping method.  
This yielded no obvious way to identify more and less active or fit participants   
To provide an additional opportunity for weight group differences to emerge data 
was examined using a cross-sectional approach to increase the size of the groups.  Table 
10 presents baseline and end point data for normal weight and obese participants where 
BMI and percent fat agreed on weight category; these categories included 65% of the 
participants.  Small differences were observed when comparing the two weight groups on 
six fitness variables (average effect size 0.24). Most effect sizes were small, with push-
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ups the largest and moderate effect sizes for pacer.   Again no clear method to separate 
participants based on physical activity and fitness emerged. 
Physical activity as a mediating factor in weight gain in obese children  
Clearly the small differences in fitness and activity between the most reliable and 
extreme weight groups suggest that activity may not be a significant explanatory factor in 
the obesity of these participants.  Several approaches were used to examine this issue.  
First, the BMI overweight group at the end point (n=21) were divided based on the 
amount of mass gained into two groups with groups separated into a weight gain of less 
than 3 kg and a minimum of 3 kg.  Each group had nine participants with BMI above the 
85th percentile for age and gender.  Three t-tests compared the two groups on the end 
point data for pacer, kjoules and self reported physical activity (ranked).  None of the 
tests were significant [t(18)=.13,p=.90 for kjoules; L(19)=1.52, p≤.05 for pacer; t(18)=-
1.91,p=.07 self report)].   Based on the confidence intervals pacer (gain LT 3kg m=13, CI 
7-18; gain 3kg m=9, CI 7-12) and kjoules (gain LT 3 kg m=11.3, CI 7.5-15; gain 3 kg 
m=10.9, CI 6.4-15) could be declared the same, while physical activity self report was 
neither the same nor statistically different (gain LT 3 kg m=4830, CI 2416-7245;  gain 3 
kg m=7385, CI 4694-10,077).   
 When overly fat participants were grouped by the percent fat gained (n=8) or lost 
(n=9), t-tests revealed no significant differences for pacer [t(15)=.42,p=.68], kjoules 
[t(14)=-.87,p=.40] and rank of self-reported physical activity [L(18)=.17, p≤.05].  While 
the groups were not different, none could be declared the same based on confidence 
intervals for pacer [% fat loss m=12, CI=7-16; %fat gain m=10, CI 6-14], physical 
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activity self-report [% fat loss m=5412, CI 2479-8344; % fat gain m=6082; CI 3391-
8773] and kjoules [% fat loss m=10.4, CI 4.2-16.6; % fat gain m=12.9, CI 9.1-16.8].   
Analysis of Pairs  
 Participants were recruited as pairs, matched on age, gender and ethnicity, with 
one of the pair in the normal BMI percentile range and the other above the 85th percentile 
for BMI.  The analysis of physical activity as a modifier of weight gain in this study has 
focused on the participants that remained overweight or normal from baseline to the 
endpoint.  This section will focus on the remaining participants.  Eleven pairs had one or 
both individuals with a BMI percentile (n=6) or body fat percent enough different (n=7) 
that the category (normal versus overly fat or overweight) was different at the end point 
than it was at the baseline.  In one pair both changed categories and in another pair BMI 
and percent fat changed for a total of 11 pairs.  The effect sizes (Tables 12 and 13) were 
larger at the baseline (mean es=1.46) than at the end point (mean es=1.01).  Most effect 
sizes for the physical activity and fitness variables were small at both times. At baseline 
large effect sizes favoring the overweight group were found for BMI, percent fat, mass, 
waist circumference, hip circumference, arm and calf circumference, sum of skinfolds, 
endomorphy and mesomorphy.  The only large effect size favoring the normal weight 
group was for ectomorphy.  Five effect sizes had large (0.8 or greater) decreases between 
baseline and the end point.  BMI (5.1 to 4.4) and sum of skinfolds (3.9 to 3.1) reflect the 
fact that more participants moved toward normal weight, fat and BMI rather than 
increasing those characteristics.  The three components of somatotype had large changes 
from baseline to end point [endo from 4.0 to -0.3; meso from 2.4 to 0.3; ecto from -3.7 to 
0.0].  Baseline-endpoint effect sizes showed increases in endomorphy (es=4.5), 
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mesomorphy (es=2.0) and a decrease ectomorphy (es=-1.6) for the normal weight half of 
the pairs.  The overweight had small changes for endomorphy (es=-0.23) and 
mesomorphy (es=.09) and a large increase in ectomorphy (es=2.4) from baseline to end 
point.  Considering that 4.0 is the midpoint of the somatotype scale for each component, 
the physique of the normal weights went from balanced meso-ecto (2.1-3.5-3.1) to meso-
endo (3.9-4.5-2.1) while the overweight halves of the pairs remained meso-endo (3.7-4.7-
.9 to 3.2-4.9-2.1).   
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APPENDIX C: MATERIALS AND PAPERWORK FROM DATA 
COLLECTION 
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